Protein expression and purification

Expression and purification of proteins from E. coli
The expression plasmids were transformed into E. coli BL21 (DE3) strain through electroporation for protein expression. The cells were grown at 37 °C in 0.5 L Luria-Bertani (LB) medium with 35 mg l -1 kanamycin to an OD600 of 0.4~0.6 and then isopropylthio-β-Dgalactoside (IPTG) was added to a final concentration of 0.1 mM to induce protein expression for 16 hours at 16 °C. The cells were harvested by centrifugation (3750 rpm, 15 mins, 4 °C), resuspended in 30 ml lysis buffer (50 mM Tris-HCl, 2 mM EDTA, 2 mM DTT, 500 mM NaCl, 5 mM imidazole, pH 7.9) and lysed through sonication on ice. Cellular lysate was centrifuged at 14,000 rpm for 30 min at 4 °C to remove cellular debris. Ni-NTA agarose resin was added to the soluble fraction and the solution was incubated at 4°C for at least 2 hours. The protein-resin mixture was loaded into a gravity flow column and proteins were eluted with an increasing gradients of imidazole in buffer A (50 mM Tris-HCl, 500 mM NaCl, pH 7.9). and lysed using sonication on ice. Lysate was centrifuged at 35,000 g for 60 min at 4 °C to remove cellular debris. FLAG-tagged proteins were purified by using ANTI-FLAG ®
Expression and purification of proteins from
M1
Agarose Affinity Gel (Sigma-Aldrich), following the supplied protocols. The cleared cell lysate was applied onto a gravity flow column with packed ANTI-FLAG Agarose Affinity Gel. After washing steps as standard protocols, the protein was eluted with the FLAG peptide elution buffer (0.5 mg ml -1 FLAG peptide, 50 mM Tris-HCl, pH 7.4, 100 mM NaCl). After affinity column, TqaA/AnaPS protein was loaded onto a Superdex 200 (GE Healthcare) column and eluted with a flow rate of 0.5 ml min -1 in 50 mM Tris pH 8.0 and 100 mM NaCl buffer. A major peak eluting at approximately over 600 kDa was collected for further analysis. 
ATP-
Chemical synthesis of peptidyl-SNAC, peptidyl-S-CoA substrates
Ant-D-Trp, Ant-L-Trp, Ant-D-Trp-L-Ala, Ant-L-Trp-L-Ala, Ant-L-N-Me-Trp-L-Ala,
BOC protection of dipeptides
Synthesis of dipeptide SNACs (4-SNAC)
Diisopropylethylamine ( 
4-SNAC:
Trp-L-Ala-S-CoA
Potassium carbonate (7 mg, 50.93 µmol, 4.0 equiv) was added to a stirred solution of Ant-D-Trp- 
3-S-
Synthesis of R-2 and S-2
Isatoic anhydride (1.0 g, 6.13 mmol, 1.0 equiv) and tryptophan (L or D) (1.25 g, 6.13 mmol, 1.0 equiv) were suspended in DMSO (7 ml). The resulting mixture was refluxed for 1.5
hours, before being cooled to room temperature and partitioned between ethyl acetate (15 ml) and water (80 ml). The aqueous phase was then extracted with ethyl acetate (2 x 15 ml). The combined organic fractions were then washed with water (15 ml), 5% NaHCO 3 (2 x 15 ml), water (15 ml) and brine (15 ml). The organic layer was then dried over magnesium sulphate and the solvent removed in vacuo. The resulting residue was purified by flash column chromatography over silica eluting with 50-100% ethyl acetate/hexane to give the desired product.
A portion of the resulting white R-2 or off-white S-2 solids were then dissolved in acetonitrile and further purified by preparative HPLC on a Beckmann Coulter Gold system equipped with a reverse phase C18 column (Phenomenex Luna, 250 x 21.2 mm, 10 micron) with detection at 254 nm. Solvent system A (water plus 0.1% TFA) and B (acetonitrile plus 0.1% TFA) held at 25% B for 1 min and then run over a linear gradient of 25-55% over 20 min, before increasing from 55-95% B over 1 min and a holding at 95% B for 5 min. The column was then equilibrated back to initial conditions by returning to 25% B and holding for 8 min. The peak with retention time of 18 min was collected. Integration of the product peaks (1 at 276 nm and R-2 at 254 nm) was used to generate a plot of product peak area vs. time in order to approximate enzymatic rate. Initial rate data (obtained as integration area per hour) was converted to µM per hour using standard curves generated from 20 µl injections of 1 or R-2 samples of known concentration.
R-2 or S-2:
Amino acid loading assay for TqaA and AnaPS
The loading of [ 
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A-T-R . (264 kDa) were expressed from BJ5464-NpgA and purified by using ANTI-FLAG ® M1 Agarose Affinity Gel; C T (54 kDa) and T 3 (11 kDa) were expressed from E. coli BL21 (DE3) with C-terminal His-tag and purified by using Ni-NTA agarose affinity resin. Supplementary Fig. 4 HPLC-based time course study of TqaA and AnaPS in the turnover of 1 and R-2, respectively. Assays were performed using (a) freshly purified TqaA; (b) stored (-80 ºC) and thawed TqaA; (c) AnaPS (both freshly purified and storage AnaPS displayed nearly the same activity). Each data point was repeated three times. Only data points within the linear range were used to calculate the initial product formation rates. Data represent mean values ± s.d. Supplementary Fig. 5 Comparison of the reaction rates of SNACs either with or without enzyme. SNAC reactions (400 µl) contained 0.5 mM TCEP and (a) 1 mM D-4 SNAC without enzyme; (b) 1 mM D-4 SNAC with 1 µM AnaPS; (c) 1 mM L-4 SNAC without enzyme; (d) 1 mM 3-SNAC without enzymes. 3-SNAC does not undergo spontaneous cyclization to afford 1, but can undergo hydrolysis to release the free acid 3. HPLC traces are shown with λ = 272 nm. Supplementary Fig. 8 (a) Neighbor-joining phylogenetic analyses of C domains and C T domain in SimA, Aba1 and TqaA NRPSs; (b) Sequences alignment of TqaA C domains and C T domain. Sequence alignment and tree construction were performed using ClustalW 4 .
Supplementary Figure 9
Neighbor-joining phylogenetic tree of select fungal C-domains and ACV synthetase terminal TE domain. Sequence alignment and tree construction were performed using MEGA 5 . Supplementary Fig. 10 Sequence alignment of the active sites of C T domains with other fungal NRPS C domains (using the canonical NRPS C domains from the cyclosporine synthetase SimA). All of the chain-extending C domains in SimA containing the "HHXXXDXXS/T" motif. In contrast, TqaA Aba1 and SimA C T domains have another amino acid (S or N) in place of the first H. Sequence alignment was performed using ClustalW Turnover per hour
3-S-T 3 (µM)
Supplementary Fig. 15 C T can interact with T ApdA to produce 1 but not with T LovF . In the in vitro assays, 200 µM of 3-S-CoA was used as the substrate. All assays contained 20 µM C T . Traces shown are HPLC traces (λ = 272 nm) of in vitro reactions i) with addition of 200 µM T ApdA , C T was able to cyclize and produce 1 with a relatively low yield, while significant amount of the hydrolysis product 3 was observed; and ii) with addition of 200 µM T LovF , only hydrolysis of 3-S-CoA to 3 free acid can be observed. Trace iii is that of 1 standard.
